The development of superconducting radiofrequency (SRF) cavities has reached a level that permits comprehensive designs of practical high power accelerators for FELs and other purposes. Designs based on this technology have a number of advantages including CW operation resulting in high average power, better beam stability, lower higher order mode (HOM) generation due to larger apertures, and potentially high wallplug efficiencies by incorporating energy recovery.
INTRODUCTION
The Continuous Electron Beam Accelerator Facility (CEBAF) represents the state of the art of SRF technology. CEBAF operates at 1497 MHz due to the needs of nuclear physics users and provides CW operation (that is, a continuous train of 2 P5 bunches separated by 667 ps) at an average current of 200 pA at a full energy of 4 GeV. The specified emittance (< 2 nm mis at 1 GeV) and energy spread (< 1O a) are extremely tight although the design peak current is too low, on the order of 60 mA, to give significant gain in an FEL. The 338 superconducting cavities, each powered by its own 5 kW klystron, have a specified gradient of 5 MeV/m. They are bathed in a 2.1 K helium bath provided by a 4800 W (at 2 K) Central Helium Liquifier (Cl{L).
In a series of Front End tests totaling 3000 hours of beam time ending July 1992, all electron specifications were met. The CEBAF Front End operates at 45 MeV nominally but for this series of experiments a recirculation system was added to give the capability of operating at 85 MeV or in energy recovery mode back down to 5 MeV. The emittance at 45 MeV was better than 2 x i08 m in both planes and the longitudinal emittance was calculated to be less than lSir keY-degrees based on measured bunch length, bounded energy spread, and verified upright phase ellipse. Up to 370 pA CW was accelerated with bunch lengths under 0.5° (0.9 ps) routinely obtained. The rf system has also performed beyond specification delivering amplitude stability of 1.5 x iO and phase stability better than 0.03°. As of November 1992, 16 cryomodules were installed in the North Linac containing 128 superconducting cavities in addition to the 18 in the Front End for 365 MeY nominal capability. System performance has been temporarily restricted to 240 MeY due to failure of a compressor motor in the CFIL. In individual testing the performance of these cavities has been superior with operating gradients averaging better than 8.5 MeY/m. CEBAF is in initial preparations for operation at high average power (up to 120 kW) using a temporary beam dump at the end of the North Linac. Simultaneous with that program, low power beam will be transported through the first recirculation arc. Successful performance of these accelerator tests will set the stage for operation of two FELs, one in the IR using the Front End and one in the UV using the North Linac. These EELs would use a new DC photoemission gun to produce the 120 pC charge required to achieve significant gain in the JR and UV. With an electromagnetic, 6 cm period, 1.5 m long wiggler, the Front End at 50 MeY produces kilowatt output powers in the 3.6 to 17 jim range in the fundamental. While the power levels exceed these delivered by any operating FEL by almost two orders of magnitude, the high IR gain permits a short wiggler and short Rayleigh range ( 0.5 m) in the 20 m optical cavity. Consequently mirror loading in the IR is manageable using relatively conventional optics. Such is not the case in the LW where calculations indicate that a 3 m long wiggler in an optical klystron configuration will yield kilowatt UV light production from the 400 MeV electron beam at wavelengths as short as 0.15 jun. Specifics of the performance depend on the details of the emittance and the LW mirror performance. Details of the design are discussed in the following sections.
EEL PARAMETERS
Specifications for the proposed CEBAF FELs are summarized in Table 1. EEL output radiation characteristics are  summarized in Tables 2 and 3 , and are illustrated in Figures 2 and 3 . The output radiation characteristics are defined for both baseline operation and for operation with options that allow wavelength tuning range extensions. In baseline operation, the CEBAF 45 MeV Injector and 400 MeV North Linac serve nuclear physics and one of the EELs at high power simultaneously. In a manner that is substantially transparent to nuclear physics operation, the Injector drives the JR FEL or the North Linac drives the UV EEL The baseline output tuning ranges are 3.6-li microns for the IR EEL and 150-260 nm for the UV EEL. For the UV EEL, the option of dedicated (i.e., non-nuclear physics) North Linac operation allows widening of the UV output tuning range to 150-1860 nm. Options for the JR EEL allow two different tuning-range extensions. At times when the CEBAF Injector can be used in a dedicated way, the accelerating gradient can be varied between 1.5 MV/rn and 5 MV/rn (the latter being the Injector's nominally specified gradient), obtaining -17 to 50 MeV elecirons, and allowing the range to be extended upward to 25 trn with the FEL oscillating at the fundamental frequency. In a second option (that can be invoked during concurrent EEL-nuclear physics operations), the wavelength can be reduced End stations elements to 1 .5 im with the EEL oscillating on the third harmonic or perhaps even fifth harmonic depending on the e-beam emittance and energy spread of the fundamental. Third-harmonic operation has been accomplished at other laboratories and will produce gains similar to operating on the fundamental as can be seen in Figure 4 . Such operation would pennit output at 1 .5-7 pin, a region of intense interest for chemical bond studies. Mirrors, diffracting apertures, or insertable absorbers can be used to favor operation in one band or another. The UV FEL design assumes operation of the North Linac at the nominal specification for nuclear physics operation.
Riding 25°off crest, the FEL electron beam will be at 400 MeV. At this electron energy the UV EEL will produce kilowatt-level power output at 200 nm with the proposed UV optical resonator and electromagnetic wiggler. The operating range of the UV FEL falls into three categories. In the longer-wavelength range (X >200 nm), the availability of highreflectivity mirrors indicates that high average power (kW) operation is low risk. In the next shorter wavelength range (200 nm > > 150 nm), high-power operation will depend on achieving small signal gains in excess of 40%. This is highly dependent on the beam emittance as can be seen in Figure 5 . Although our FEL simulation codes presently predict gains of this order the sensitivity of such calculations to details of the electron distribution means that performance measurements of the system are needed before more accurate predictions can be made. For 150 > > 100 nm, even assuming sufficient gain is available operation must necessarily be low average power (< 10 W) until a mirror/resonator is available which can handle the high power with low losses. Operational parameters can also be extended during periods of dedicated FEL use of the North Linac. Dedicated use permits higher electron current and therefore higher-power operation of the UV FEL, and allows lower acceleration energy (i.e., less than 400 MeV), which provides an extended tuning range through the visible wavelengths to a long-wavelength limit of 1860 nm. 
OVERVIEW OF FEL OPERATING SCENARIOS
To minimize the cost and the construction time of the proposed EEL facility, and to minimize the impact on the nuclear physics program, only very limited modifications to the accelerator have been considered. The EEL parameter lists were set to be consistent with the following assumptions:
1 . An upgraded high-current source is available that provides 2 ps bunches of 15 min-mrad normalized mis emittance and 2 . iO-3 relative energy spread at 60 A peak current 2. The design operational modes are for simultaneous operation of either the IR or the UV FEL with nuclear physics. 3 . The IR wiggler and optical cavity are placed at the end of the CEBAF Injector, and the UV wiggler and optical cavity are placed at the end of the North Linac.
4. The CEBAF North Linac is not modified from the baseline design, and there is only a single pass through the North Linac fx the UV FF1 bunches.
Under these assumptions, the following scenarios for EEL operation have been developed. The new 7.677 MHz high-current photoemission source is inserted into the CEBAF Injector tunnel parallel to the existing nuclear physics source (see Figure 6 ). The new source-which includes the pbotocathode gun, a prebuncher, and a quarter-ciyomodule-accelerates the bunches to 10 MeV, a higher energy than the 5MeV nuclear physics beam. The nuclear physics and FEL beams are combined in an energy recombination chicane for acceleration through the injection linac. The difference of the arrival phases of the two beams will be variable to permit tunable energy differences. For UV FEL operation, both beams proceed through the Injector linac and through the North Linac. With the FEL beam phased off-crest by 25°, the two beams arrive at the end of the Injector linac at 45MeV and continue through the North Linac, with the nuclear physics beam accelerating to 445 MeV and the EEL beam accelerating to 400 MeV. An energy separation chicane diverts the FEL beam into a separate transport channel, while the nuclear physics beam continues through the east arc for recirculating acceleration to 4 GeV. The FEL beam transport carries the 400 MeV EEL beam through the UV wiggler, which is centered within a 60.078 m optical cavity, for tunable ultraviolet light. After passing through the wiggler, the UV EEL electron beam is transported to a high-power beam dump at the North Linac stub.
The 58.578 m UV optical cavity has a 2.559 MHz period, and therefore is most directly matched to 2.559 MHz beam.
Therefore, the EEL bunch frequency can be reduced to 2.559MHz (300 pA DC current) for minimal cavity loading, with the same gain and performance. Using 7.677 MHz beam simply triples the number of light pulses, thereby tripling output power. Both modes are included as UV FEL operational options.
FEL HARDWARE
The optical radiation in an EEL is produced by converting the energy of an electron beam through a double Doppler shift from the wavelength of a sinusoidal magnetic field produced in a wiggler. The wiggler typically has a wavelength of centimeters and field strengths of several kilogauss. The field along the wiggler axis (z) is B = B0 sin(kz) . As the electrons progress through the wiggler they bunch at the optical wavelength and, if resonant with the moving ponderomotive potential well associated with the optical field crossed with the wiggler field, convert some of their energy to coherent light.
The wiggler also affects transport of the electrons. The alternating field produces a focusing effect on the electron beam in the y direction (perpendicular to the wiggler plane) and has roughly neutral focusing in the x direction. Jf the electron beam is properly matched to the focal conditions at the entrance of the wiggler, the electron beam will maintain its initial diameter in the y dimension in transit through the wiggler, and under proper focal conditions will come to a focus at the center of the wiggler in the x dimension, diverging slowly as it exits the interaction region. Moving away from the wiggler axis in the y direction, the field increases according to a hyperbolic cosine while remaining roughly uniform away from the axis in the x direction. This off-axis field variation leads to an effective energy spread in the EEL interaction which can reduce gain and efficiency. Even though the field is varying, the betatron wavelength in the wiggler is so long that little variation in the transverse electron beam size in either dimension will occur as the beam propagates through the wiggler.
The conceptual designs discussed for the CEBAF FEL are the result of a series of FEL systems analyses. These designs were chosen with the specific desire to minimize engineering risk and to be compatible with low-cost implementation rather than maximizing the FEL performance. In addition to minimizing the implementation time, this approach also has the potential advantage of increasing device reliability, since no parameter is pushed to its design limits.
JR wiggler design
The specifications of wiggler field quality affect EEL performance in several ways. If the Bfield axial integral is not zero, the electron beam will be deflected from its trajectory down the wiggler axis. To achieve a relatively straight trajectory the field should be uniform to a fraction of 1%. Imperfect fields can also lead to degradation ofFEL performance by affecting the EEL resonance condition. The effect can be considered as an effective energy spread on the electron beam produced by wiggler field variation in combination with the actual energy spread and a contribution due to the emittance of 48/SPIE Vol. 1868 the electron beam. The impact of the summation of these effects on gain is significantly greater at short wavelengths than in the visible or infrared band, while steering effects become less significant. A good rule of thumb for wiggler design is that the beam wander due to wiggler imperfections should be smaller than the wiggle amplitude.
For wiggler design, the electromagnetic (EM) approach was chosen for the following reasons:
1 . EM wigglers generally have the best field quality before supplementary trimming. 2. Construction is simple. Each half of each required 1.5 m wiggler segment can be milled from a single piece of magnet steel. 3 . EM wigglers can be easily tuned remotely by varying the current through the coils. 4. Although the field strength is less than is possible with hybrid wigglers, the gain of the FEL in the IR region is still large.
A basic wiggler segment has been designed following this approach. One such segment will be used in the IR EEL; two or more will be used in the UV EEL. Table 4 gives the wiggler segment parameters. Each wiggler segment will be constructed from two 5 cm by 5 cm by 150 cm 1006 steel blocks. The poles are milled into the steel at half-wavelength intervals (1.5 cm thick separated by 1.5 cm gaps) and will be 2 cm deep. There will be one pair of coils per wavelength. Each coil will have 12 turns of 5 mm square hollow-core conductor. For the desired 0.5 T peak median plane field, 166.7 A at 41.6 V (S.-6.9 kW) is required; this is well within the specifications for power supplies used in the CEBAF recirculation transport system. The current density in the copper at this current is 13.3 A/mm2. Uniform field is required. It will be achieved by two steps: 1) The two halves of the wiggler will be machined simultaneously on the milling machine. With this technique, CNC milling machines can achieve 0.01 mm tolerances.
2) The gap of the assembled wiggler will be set by using ground stainless steel gap spacers.
IR optical cavity
In order to reduce power loading on the mirrors we have set the cavity length of the infrared optical cavity to 19.53 meters. With a Rayleigh range of only 0.75 meters this cavity has cavity stability parameters gj and g of -0.9883. This cavity will be almost concentric and requires an angular alignment stability much better than 15 jirad at 4 run. This is a sufficiently small tolerance that active cavity stabilization will be probably be required.
Another option is to use a confocal cavity. The alignment stability of such a cavity must be much better than 250 jirad. This is easily achievable with passive stabilization. Researchers at Novosibirsk1 have operated such a cavity on a storage ring free-electron laser and have found excellent stability. The cavity is degenerate with respect to the optical cavity modes and will therefore tend to support many higher order modes. In fact, since the set of Gauss-Laguerre modes is complete, it is possible to support an optical mode of arbitrary Rayleigh range and waist position as long as diffractive losses on the mirrors are not important. To prove this, note that the transport matrix for a confocal cavity is equal to:
The change in a Gaussian optical mode with a waist at position z and Rayleigh range ZR is transformed according to the ABCD rule = Aq1+B q2 Cq+D where qj = Zj + 'ZR. When this transform is applied one finds that q = qi. Thus, although the cavity has a Rayleigh range of half the cavity length, it will support a cavity mode with the same characteristics as the near concentric cavity described above, i.e. a Rayleigh range of 0.75 meters centered in the wiggler. In fact, the laser will find the optical mode waist position and size which optimize the net gain and will support that mode. Also note that the square of the transport matrix for the cavity is the unity matrix, which implies that the light will return to the same location with the same angle after two round trips of the cavity. Therefore, if the alignment is reasonably close to ideal and the gain is at least twice the losses, the laser will lase.
One possible drawback to the confocal cavity is that the position and size of the optical mode will depend on the gain and position of the electron beam. The cavity stability issue is then transferred from mirror stability to electron beam stability. This type of cavity is therefore not advisable for a pulsed system in which the electron beam parameters are not very stable in time. The electron beam stability does not have to be quite as good as one would think from the analysis above, however. That analysis assumed infmitely large mirrors. In fact the apertures of the mirrors and the wiggler bore will tend to limit the range of possible optical modes. Variable apertures can be inserted if the optical mode must be fixed at some size and divergence. Electron beam steering and focusing errors will then be transformed into amplitude errors in the laser as the cavity losses are changed by the optical beam steering. We should note that the same problem is present in a near concentric cavity.
Another potential problem is that the mode size in the return direction is much larger than the mode size in the forward direction. While this is acceptable for short wavelength operation such as the Novosibirsk experiment, it creates a problem when one wants to tune the laser out to the longest wavelength which the wiggler bore will allow. It is simple to work around this problem by displacing the return beam slightly so that it goes around the wiggler. In such a long cavity, the displacement can be created using very small angular changes in the beam. Thus the optical mode will strike the spherical milTors at near normal incidence. The effective radius of curvature of the mirror will be equal to the actual curvature in one plane and equal to the secant of the angle of incidence in the other plane times the radius in that plane. As an example, a5°a
ngle of incidence will decrease the effective radius of curvature by 0.38%. This will change the cavity parameter g from 0 to -0.0038. One can also choose the radius of curvature such that the g parameter is +0.0019 in one plane and -0.0019 in the other plane. Both are stable and both have very similar properties. Note that this would not be the case if we used a near concentric cavity where one plane would be made far more stable than the other and the Rayleigh length in one plane would differ greatly from that of the other plane.
Finally, note that a small change in radii of curvature can change the cavity from a stable resonator with gjg > 0 to an unstable resonator with gjg < 0. As Kulipanov et al. showed,' the behavior of the unstable resonator is qualitatively different from that of the stable resonator. Diffractive losses from the miiwr and lxwe edges will blur this distinction in our case but the change in behavior would be quite interesting to study. Since the change in radius is quite small (the change in the sagitta will be less than 1 jim for a change of 1% in the radius of curvature of a 10 cm diameter mirror with 20 m radius of curvature) it is possible to deform the mirror very slightly to changethe cavity from stable to unstable at will. This could also be used to compensate for thermal deformation of the mirnr radius of curvature.
We will use 6 inch diameter mirrors of silver on silicon for the initial cavity. The silver will be deposited on flat substrates which will be deformed into a spherical shape with the correct radius of curvature. Flat silver on silicon kickers will deflect the beam off the wiggler axis with a deflection angle less than 1O in the s plane. Since they will have a very large angle of incidence their power loading capabilities should be quite good. No tive alignment will be necessary but some provision for active radius of curvature correction will be provided via a standard autocollimator and piezoelectric actuators on the back of each mirror.
UV wiggler
To maximize gain and provide the maximum flexibility in the UV FEL design, an optical klystron configuration has been chosen. This consists of two segments of uniform sinusoidal field wigglers 1.5 m long each, as described earlier in Table 4 . Separating the sections is a magnetic dispersion section which causes a momentum modulation in the beam in the first section to lead to a bunching of the electron beam at the optical wavelength at the entrance of the second section. The dispersion is equivalent to a drift of more than 250 wavelengths according to the formula Leff where L is the physical length of the section. In the absence of energy spread, the gain of the resulting system is considerably larger (by 4,!) than the gain of just the wiggler sections alone. With the dispersion section built as an electromagnet in a +--+ configuration, the effective length of the wiggler (and thus gain) can be varied remotely by changing the strength of the B field while the system is operating.
Vacuum system, alignment, and diagnostics design will be similar to that used in the IR EEL and requires no new development. The cavity round-trip time is 390 ns to match the linac frequency.
UV optical resonator
A 60 m nominal cavity length has been chosen to provide additional distance for the beam to diffract to a larger mode size. This has the beneficial effect of permitting operation with more highly absorbing mirrors (such as might be required for wide-band operation), or at higher powers on high-reflectivity mirrors with simpler cooling designs. It also opens the possibility of operating at higher peak current (for more gain) with the same average current by decreasing the PRF to 2.5 MHz. Because the interpulse spacing is nominally 133 ns, three essentially independent (since they cannot communicate) optical pulses will be in the cavity simultaneously. This has no particular effect on operation. The cavity round-trip time is 400.8 ns to match the pulse separation.
To deal with the high UV intensity, the UV optical resonator approach is based on a novel design2 called a re-imaged retro-reflecting ring resonator (Figure 7) . Unlike conventional resonator designs, the resonator is extremely insensitive to alignment, permitting long cavities. For our 60 m resonator, the alignment tolerance between mirror blocks is on the order of milliradians. Alignment between the facets does need to be tightly controlled (to microradians) but since the units are relatively small and contiguous that can be easily accomplished. The design exhibits several other useful properties. The optical mode has a uniform intensity profile so that mirror loading is more easily managed and thermal flux leads primarily to low spatial frequency distortions. Such spherical aberrations are canceled to second order in the design. The long focal length (on the order of 50 m downstream, 45 m upstream, for each of the three mirrors per station) suggests that active control of the focal length by distorting the mirrors using PZTs will be desirable. In addition, since outcoupling is set by the ratio of the magnifications this will provide a convenient means to optimize power and startup. An average power of 1 kW yields an incident flux of 1 .7 kW/cm2, at 10% outcoupling. With an assumed reflectivity of 99% (> 200 am), the absorbed heat flux is 17 W/cm2, a value consistent with the use of an uncooled silicon carbide substrate or even fused silica for initial testing. The benefit of the klystron approach chosen for the wiggler is clear since the shorter resulting wiggler length permits a larger optical divergence without negatively impacting the overlap function and decreasing system gain. For the 94% reflectivity assumed at < 200 urn the heat flux would be 100 W/cm2. This result is consistent with the use of cooled silicon substrates.3 The mirrors are elliptical and of modest size (2.2 cm x 3.8 cm axes). The Al coating is expected to need cleaning and/or recoating on a two week schedule although hard data does not exist under these specific conditions. The refresh rate will undoubtedly be a function of base pressure and specific contaminants. The odd harmonic output produced by the FEL is not expected to be a problem since it is distributed over a large area and results in less hard mirror flux than has been seen elsewhere.4 Should hard UV damage become an issue, a gas scrubber could be used to effectively strip the higher harmonics.
CEBAF FF1 APPLICATIONS
The proposed CEBAF FELs afford significant opportunities for research and development in a broad range of applications. The devices offer a unique combination of parameters:
. Highaverage power output (kilowatt)
• Broad tunability across IR wavelengths from 3.6 to 17 microns (with options for 1. 
Outcoupling Wiggler
Potential applications which take advantage of one or more of the above device parameters are diVided into the following general categories: basic research, technical applications, and FEL development based on SRF driver technology.
Basic research applications in photophysics and photochemisiry
Much of our present knowledge of the structure of matter -from the atomic and molecular levels to the structure and behavior of solids, liquids, and gases -comes from the study of the interaction of IR, visible, and UV light with matter. The development of a broad class of dye lasers gave scientists a tool for photophysics and photochemistry in the visible range (400-800 nm) with reasonably high average power outputs (< 1 W). Similar availability is lacking for tunable, coherent light sources in the chemically interesting range of IR wavelengths (1-20 microns), which overlaps many molecular vibrational transitions, and for the UV-DUV (100-300 nm) range, where photoionization and thresholds occur.
For basic photophysics and photochemistry studies, the high average power and broad tunability of the CEBAF FELs will allow a large class of spectroscopic measurements that were previously inaccessible because of sensitivity limits with conventional light sources. Spectroscopic measurements which are obtained with detectors requiring high energy, angular, or spatial resolution fall into this category. A class of photoionization measurements with precision sufficient for comparison with theory also falls into this category.5 Related signal-intensity problems occur with the spectroscopy of any low concentration of short-lived species, such as weakly. bound molecular complexes,6 clusters,7 and impurities. Recent attempts8 at fluorescence detection of Ar clusters with synchrotron light at 120 nm have yielded signals at minimum detectable levels. The high brightness of the proposed source allows the study of two-photon ionization in the UV-DUV and multiphoton vibrational excitation in the IR.
The design wavelength for the proposed Phase 1 UV EEL is set conservatively at 200 nm, the limit of 99% reflectivity with conventional multilayer dielectric quartz optics. The design studies indicate that the presently configured North Linac provides significant gains at wavelengths much shorter than 100 urn. Post-Phase 1 development of short-wavelength optics and/or optimization of third-hannonic UV EEL operation could provi& unprecedented power levels at 100 urn. This achievement would allow laser Doppler cooling of hydrogen atoms (at 103 nm or 121 am), opening up a new level of precision of atomic physics measurements (such as measurements of the transition between is and 2s energy levels) for QED tests.'°5 .2 Basicresearch in photobiology and biomedicine Uv photobiology is an active field of research because of its importance in the determination of basic mechanisms of cellular radiation damage and because of the practical concerns with solar UV damage to the biosphere." Most work has been conducted with mercury lamps in the 220-300 urn range where DNA is strongly absorbing. There is a need for bright, tunable UV sources in the 320-380 nm range where absorption by biological material is low, and for sources below 200 nm where absorption is sufficiently high that radiation damage mechanisms could be examined at the single-cell level if sufficient source brightness were available.
Other potential applications in photobiology include the use of the CEBAF UV FEL to develop high-spatial-resolution photoemission microscopy,'2 fluorescence microscopy,'3 scanning desorption microscopy,14 and optical holography.'5 Many biomedical applications for IR EELs have been identified by the user community for the medical FEL programs at Duke University'6 and Vanderbilt University'7 EEL facilities. These applications include the development of laser-based instruments and techniques for surgeiy, tissue ablation, coagulation, and photodynamic therapy. The latter technique, which currently involves matching laser output wavelengths to specific absorption lines of a small class of FDA-approved dyes that are introduced into the patient's body, would benefit from studies with high-power IR light at 1.8 urn, where photodynamic tion occurs without the intennediary of dye molecules.'8 SP1E Vol. 1868/53 5.3 Surface and materials science A set of spectroscopies analogous to the gas phase measurements described above can be applied to solid surfaces for basic surface analyses and materials characterization. The high average power available from the CEBAF FELs can cause sample heating or degrathtion problems if applied indiscriminately, but with careful design of experiments, surface spectroscopies involving high angular, energy, or spatial resolution can be optimized. The most interesting general class of surface experiments wifi involve two-color surface spectroscopies, including: (1) sum frequency generation detection of i19(2)second-haimonic generaüon,° and (3) pump-probe experiments.
The high source brightness will be useful for detection of low-coverage surface species and for analysis of low-crosssection photoionization or photodesorption effects. Photoemission studies will become more exciting with extensions of the short-wavelength output below 200 nm; spin-resolved UV photoemission studies of the technically important class of thin-film magnetic materials are presently signal-limited using synchrotron jii•2i 5.4 Technical applications Significant opportunities exist for the development of photochemical processing technology using the CEBAF FELs. As in the basic science applications, the technical applications take advantage of the high average power, broad tunability, and potential two-color aspects of the facility.
A segment of the chemical industry involved in the production of polymers is currently investigating DUV photoprocessing using excimer laser sources. Examples of developmental photoprocessing include photoinduced polymerization to eliminate the environmental hazards of standard wet chemical curing processes,22 and photochemical surface treatments to modify the surface properties (i.e., adhesion, reactivity, transparency) of polymers for fiber products.23
Prospective applications in the areas of environmental technology and the support of atmospheric science include UV phototreatment of aqueous wastes, pollutant detection, greenhouse gas monitoring, and LIDAR (laser radar).
Prospective technical applications of high-power lasers which have received considerable attention are photochemical separation of isotopes and photochemical purification. Isotopic separation efforts have been focused on uranium isotopes. Successful demonstration experiments have been performed24; however, the collapse of the fission industry and the uranium market in the U.S. has shut down these projects. Photochemical purification processes have been examined for a variety of chemicals (such as silane and trichloroethane).25 Most of these applications will have to await the development of very high-power (1O--100 kW) EELs in order to compete with standard processing technologies.
The development of DUV lithography has pushed the development of high-quality quartz optics. An important part of optical component development for high-power or long-life applications is radiation damage studies. The high average power of the CEBAF EELs can be used for the study of the influence and damage due to high-power optical radiation on optical and other dielectric materials. 
